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Background Free radical-induceci oxidative damage is 
thought to be involved in the pathogenesis of diseases associ¬ 
ated with cigarette smoking. We examined the production of 
8-c/)i-prostaglandin (PG) Fj,, a stable product of lipid peroxi¬ 
dation in vivo, and its modulation by aspirin and antioxidant 
vitamins in chronic cigarette smokers. 

Methods and Results Wc performed the following studies: 
(1) a cross-sectional comparison of smokers and control sub¬ 
jects, (2) an examination of the dose-response relationship, (3) 
an exploration of the effect of smoking cessation (3 weeks) and 
nicotine patch supplementation, (4) the effect of aspirin, consump¬ 
tion, and (5) the effects of 5 days’ dosing with vitamin E (100 and 
800 U), vitamin C (2 g), and their combination. 8-cpi-PGF,„ 
excretion (in pmol/mmol, meaniSEM) was I76.5i30.6 in hea:^ 
smokers, 92.7±4.8 (/’<.05) in moderate smokers, and 54.1 ±2.7 
(P<M5) in nonsmokers. Urinary levels fell from 145.5±24.9 to 


114.6±27.1 (week 2,/*<.05) and 112.6±24.9 (week 3, f'<.05) on 
ce.ssation of smoking. Aspirin treatment failed to suppress urinaiy 
levels of 8-ep/-PGF2„ despite a signilicant reduction in urinary 
U-dehydro-TxBi production and suppression of S-cpi-PGFj,, and 
TxB 2 in serum. Vitamin C (pre, 194.6±40.9; post, 137.2±34,1; 
/’<.05) and a combination of vitamin C and E (pre, 171.0±39.8; 
post, 133.5 ±29.6; F<.05) suppressed urinary S^pi-POFs^, 
whereas vitamin E alone had no effect. 

Conclusions Urinaiy S-fpi-PGF,^ may represent a noninva- 
sive, quantitative index of oxidant stress in vivo. Elevated levels 
of S-epi-PGFj^ in smokers may be modulated by quitting 
cigarettes and switching to nicotine patches or by antioxidant 
vitamin therapy. (Circulation. 1996;94:19-25.) i 
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C igarette smoking exacts a continuing toll on the 
public health. Deaths caused by cardiovascular 
disease attributed to cigarette smoking in the 
United States are estimated at more than 150 000 an¬ 
nually.'7 Among the mechanisms hypothesized to con¬ 
tribute to smoking-induced vascular damage is oxidant 
injury.-’--^ Highly reactive elements in cigarette smoke 
facilitate DNA adduct formation*’'^ and may directly 
induce platelet activation and vascular dysfunction. 

A detailed understanding of oxidant injury in vivo has 
been precluded by the lack of reliable indexes of this 
process that are biochemically stable and susceptible to 
accurate quantification in a noninvasivc manner.'“4i 
Traditionally, the susceptibility of lipoproteins to oxida¬ 
tion ex vivo,'- the detection of chemical adducts ex 
vivo,'^ and reliance on nonspecific or intermediate in¬ 
dexes of the process, such as measurement of malondi- 
aldehyde'"* or conjugated dienes,'^ have been used in 
clinical studies. 

Recently, attention has focused on families of free 
radical-catalyzed isomers of arachidonic acid, the'iso¬ 
prostanes (Fig 1), as stable products of lipid peroxida¬ 
tion that circulate in human plasma and are excreted in 
urine .'6 '7 Using an estimate of Fj isoprostanes based on 
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a PGF 2 „ internal standard, Morrow and colleagues have 
reported increased levels in cigarette smokers.''* The 
pre.sent study confirms and extends the.se findings. 

We have developed a method to measure specifically 
8 -e/jf-PGF 2 „, an abundant Fj isoprostane with mitogen- 
ic'v and vasoconstrictor’^ capability. Excretion is dose- 
dependently increased in apparently healthy chronic 
cigarette smokers and falls when they switch to nicotine 
patches. Although S-epf-PGFi^ may be formed in either 
a free radical- or a COX-dependent manner,'^" the 
increment in smokers in vivo is suppressed by antioxi¬ 
dant vitamins but not by aspirin. This contrasts with the 
smoking-related increment in thromboxane metabolite 
formation, reflective of platelet activation, which is 
suppressed by aspirin. 

Methods 

Clinical Trial Design 

The clinical studies were performed at the Center for 
Cardiovascular Science at the Mater Hospital, a teaching 
hospital of University College in Dublin, Ireland. Informed 
consent was obtained from all subjects. Both nonsmoking and 
smoking volunteers were apparently healthy, with normal 
physical examination, biochemical screen, and full blood count. 
They reflected the ethnic catchment area of the hospital; all 
were white. The smokers ranged in age from 20 to 47 years 
(median, 27 years). No smokers or control subjects were taking 
any medications, including vitamin.s. 

Five studies were performed. The first, a cross-sectional 
investigation, involved the collection of spot free-flow urine 
Samples between 9 and 11 am in 24 chronic cigarette smokers 
(18 men) who had smoked at least 15 cigarettes per day for the 
preceding 2 weeks. Corresponding samples were collected in 24 
age- and sex-matched control subjects. All subsequent studies 
were carried out in volunteers from this first study. Their daily 
intake of cigarettes ranged from 15 to 45 (median, 25), and they 
had 4 to 40 pack-years of smoking (median, 15 years). The 
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Selected Abbreviations and Acronyms 

cox = cyclooxygenase 

GC/MS = gas chromatography/mass spectrometry 
PG = prostaglandin 
TX = thromboxane 


frequency of cigarette Smoking was assessed by diary records 
and interview. Urinary cotinine, a stable metabolite of nicotine, 
was measured in urine samples as an index of nicotine consunip- 
tion in volunteers. During these studies they smoked a sin^e 
brand of cigarettes containing 1.2 mg nicotine and 12 mg tar. 

The second study was a formal assessment of the dose- 
response relationship between the number of cigarettes 
smoked and urinary S-fpi-PGFi„. Chronic smokers were 
brought to steady state by smoking either 15 to 30 cigarettes 
(median, 23) per day (moderate smokers; n=5) or >30 ciga¬ 
rettes per day (heavy smokers; n=5; range of number of 
cigarettes, 31 to 45; median, 38) for at least 7 days before 
collection of three successive 24-hour urine collections for 
measurement of S-epf-PGF-^, cotinine, and creatinine. The 
coefficieni of variation of urinary 8-epi-PGF2„ for triplicate 
24-hour samples in the 10 volunteers ranged from 0.5% to 15% 
(median, 2%). Samples were collected in age- and sex-matched 
nonsmoking volunteer-s. In 8 nonsmoking volunteers, the coef¬ 
ficient of variation for four 12 -hour urine samples over a 
2-week period ranged from 3% to 19% (median, 10%). 

The third study was designed to assess the effects of smoking 
cessation on urinary 8 -epi-PGF 2 „ in the cigarette smokers. Six 
male chronic smokers (age range, 20 to 47 years; median, 32 
years) who had smoked >30 cigarettes per day for at least 2 
weeks (range, 2 weeks to iO years) performtii two 24-hour 
collections for S-epi-PGFi,, creatinine, and cotinine just before 
quitting. They were placed on nicotine patches (Nicotinell, 21 
mg/d; Ciha Geigy Pharmaceuticals) on completion Of the 
collection and were maintained on them while urine was 
collected for analyses on days 13, 14, 20. and 21 after quitting. 

Wc have previously described the increment in urinary 
thromboxane melabolites observed in apparently healthy ciga¬ 


rette smokers.^' This is reflective of platelet activation.'^''^^ 
Prompted by this observation and the knowledge that 8-epi- 
PGF 2 „, unlike other F, isoprostanes, may be formed by COX,^" 
we assessed the effects of aspirin on urinary S-epi-PGF^,, and 
11-dehydfo-TxBj in chronic cigarette smokers. Groups of mod¬ 
erate (n=5) and heavy (n=4) smokers collected 24-hour urine 
samples for analysis of ll-dehydro-TxBj and 8 -cpl-PGFj„ be¬ 
fore (two collections) and after (two collections) dosing with 
aspirin 75 mg/d for 10 days. TXB 2 and S-epi-PGF^,, were 
measured in serum samples obtained at the initiation of these 
urine collections. Healthy, nonsmoking control subjects (n= 6 ) 
were randomized to receive either aspirin 325 mg as a single 
ora! dose or a matching placebo. Urine (12-hour collections) 
and serum (at initiation of the urine collections) were collected 
before dosing and commencing 12 hours after drug 
administration. 

Finally, the effects of short-term therapy with vitamins E and 
C were assessed in the smokers. Initially, five moderate smok¬ 
ers collected 24-hour urine samples for S-epi-PGF,,, 3 days 
before and 2 days after receiving vitamin E (Roche Pharma¬ 
ceuticals; 100 U/d for 5 days). Subsequently, a group of heavy 
smokers were allocated to receive (1) vitamin E 400 U twice 
per day (n=7), (2) vitamin C (Roche Pharmaceuticals) 1 g 
twice per day (n=5), and (3) a combination of the two vitamins 
at these do,ses (n=4). Urine (24-hour sample) and serum were 
collected before (two collections) and at the end of (two 
collections) the 5-day dosing periods. A 2-week washout inter¬ 
vened between treatments. 

Biochemical Analysis 

Urinary R-ep/-PGF;„-"--’ and 11-dehydro-TxB^-^ and serum 
TxB--^ were measured by OC/M$ as we have previously 
described. Values were expressed as picomoles per millimole of 
creatinine (urine) or picomoles per milliliter (.serum). Urinary 
cotinine was measured by radioimmunoassay,-'' and levels were 
expressed as nanomoles per millimole of creatinine. 

Statistical Analysis 

Sample size calculations were based on the desire to detect a 
difference of at least 50% with oi=.05 and a power (1 -j3) = .9. 



Fig 1. Membrane-bound araohidonic 
acid (AA) may undergo attack by free 
radicals (FR) in situ on phospholipids. 
Thermodynamic parameters control 
this chain reaction of peroxidation and 
reduction yielding S-epf-PGFj, and 
other stereoisomers of PGFs, called 
isoprostanes (including PGFj„, which, 
however, is not thermodynamically fa¬ 
vored). Alternatively, AA, which has 
been cleaved from the membrane by 
phopholipase A2, may be metabolized 
by a COX. Enzyme-dependent peroxi¬ 
dation and reduction yields PGHj, 
which is subsequently metabolized to 
TxAj and other prostaglandins ('PGFjn 
is illustrated here). S-epi-PGF2„ is 
formed as a minor product of COX 
turnover in activated platelets. Aspirin 
prevents the COX-dependent forma¬ 
tion of 8-epr-PGF2„. Antioxidants 
might be expected to inhibit the free 
radical pathway. 
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FlO 2, 8 -ep/-PGF 2 a levels in spot Urine samples of smokers 
(n=24) compared with age- and sex-matched control subjects 
(n=24; *P<.005). 

An unpaired t test was used when two samples were being 
compared- More than two samples were compared by a one¬ 
way ANOVA and, if significant differences occurred, by Dun¬ 
can multiple range tests to assess where the difference lay. The 
within-cell median was used as a response variable for smoking 
cessation data and vitamin data and analyzed as a one-way 
ANOVA with repeated measures by use of a general linear 
model. All data are expressed as mean±SEM, and differences 
were considered significant at a value of /’<.05. 

Results 

Urinary S-epi-PGFi, excretion was significantly in¬ 
creased in the cross-sectional study (Fig 2) in the chronic 
smokers (122.5±10.8 [meandiSEM] pmol/mmol creati¬ 
nine) compared with the age- and sex-matched non¬ 
smoking control subjects (63.7±5.0 pmol/mmol creati¬ 
nine; /’<.005). 

A dose-response relationship was observed between 
the number of cigarettes smoked and both urina^ 
cotininc and urinary S-epi-PGFja (Fig 3). Heavy smokers 
had an average excretion of 8 -epi-PGF 2 „ of 176.5±30.6 
pmol/mmol creatinine compared with 92.7 i4.8 pmol/ 
mmol creatinine in moderate smokers (/’<.05) and 
54.1±2.7 pmol/mmol creatinine in matched nonsmoking 
control subjects (/’<.005). Smoking was a significant 
variable (F=28.4; P<.0001) in S-epi'-PGFjo excretion. 
Furthermore, pairwise comparison indicated a signifi¬ 
cant difference between the moderate smokers and both 
the nonsmoking and heavy-smoking groups. Urinaiy 
cotininc levels were 2199±376 nmol/mmol creatinine in 
heavy smokers compared with 630d:33 nmol/mmol cre¬ 
atinine in moderate smokers (F<.05) and 32 ±3.2 nmol/ 
mmol creatinine in nonsmokers (/’<.005), The Pearson 
correlation coefficient for urinary values of 8 -epi-PGF 2 „ 
and cotininc in all smokers was .46 (F=.09) (Fig 4). Thus, 
a tendency for S-e/tf-PGFi, to correlate with urinary cotin- 
ine failed to attain conventional statistical significance. 

Urinary 8 -epi-PGF 2 „ fell significantly on cessation of 
smoking in the heavy smokers (Fig 5A). Although the 
data exhibited heterogeneity, the levels fell from a 
precessation mean of 145.5±24.9 pmol/mmol creatinine 
to 114.6±27.1 (P<.05) at 2 weeks and remained sup¬ 
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non moderate heavy 

snioken smokers smokers 

Fig 3. Higher levels of urinary a-ep/-PGF 2 „ (open columns) were 
seen in heavy smokers (n=S) compared With age- and sex- 
matched moderate smokers (n= 6 ; *P<.05) and with nonsnftok- 
ing control subjects (n=14; **P<.005}. Urinary cotinine levels 
(solid columns) were significantly higher in heavy smokers com¬ 
pared with moderate smokers ('P<.05) and nonsmokers 
(*P<.005). 

pressed at 112,6±24.9 (P<.05) 3 weeks after quitting. 
Smoking was a significant variable in urinary cotinine 
excretion (F=14.6; P<.0001); levels, as expected, fell 
after quitting (Fig 5B) and remained at a plateau level 
consistent with nicotine patch supplementation (preces¬ 
sation mean, 2312±751 nmol/mmol creatinine; week 1, 
982±334; week 2, 928±340; week 3, 871±334). 

Inhibition of COX by aspirin treatment significantly 
suppressed thromboxane biosynthesis in vivo, as re¬ 
flected by urinary excretion of ll-dehydro-TxBi, in all 
groups tested (Fig 6 A). Levels (in pmol/mmol creati¬ 
nine, mean±SEM) fell from 158.4±14.4 to 39.3±10.4 in 
nonsmokers (P<.005), 200.8 ±21.5 to 70.0±9.2 in mod¬ 
erate smokers (P<.003), and 419,6±21.8 to 105.9±9.8 in 
heavy smokers (P<.005). Smoking waj a significant vari- 



urinary cotinine nmol I mmol creatinine 

Fig 4. Correlation (r=.46; P=.a9) of urinary B-epf-PGFa, and 
cotinine in chronic smokers (n=15). Each dot represents a 
different subject. 
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Fig 5, Percent change in the urinary levels of 8 -Bpi-PGF 2 „ and 
cotinine in six chronic smokers after smoking cessation and 
nicotine patch supplementation. A, 8 -ep/-PGFj„ levels fell signif¬ 
icantly by week 2 and remained suppressed through week 3 
(*P<.05). B, Cotinine levels dropped dramatically by week 1 
('*P<.005) and remained at a plateau through weeks 2 and 3. 

able in urinary 1 l-dehydro-TxBj excretion before aspirin 
administration (F=46.3; P<.000l), and pairwise analysis 
revealed a significant difference between heavy smokers 
and both moderate smokers and nonsmokers. Concomi¬ 
tantly, aspirin reduced ex vivo serum TxBj production by 
>97% in all groups (Fig 7). Urinary 8 -e/?r-PGF 2 <,, by 
contrast, was uninfluenced by aspirin administration even 
in heavy smokers who had significantly raised levels 
(P<.05) (Fig 6 B), However, aspirin did suppress serum 
S-epi-PGFi, by roughly 80% ex vivo in moderate and heavy 
smokers (Fig 7). Urinaiy cotinine levels were similar before 
and after aspirin administration. 

Vitamin E (100 U [moderate smokers) or 800 U 
[heavy smokers] per day) failed to suppress urinary 
8 -epi-PGF 2 „ excretion (Table). Vitamin C, by contrast, 
administered at 2 g/d, significantly depressed urinaiy 
8 '€/ 7 (-PGF 2 a alone and in combination with vitamin E 
(800 U/d). 

Discussion 

Isoprostanes belong to a family of free radical-cata¬ 
lyzed products of arachidonic acid.**- 2 ’' 2 “ Fj isoprostanes 
are formed in response to oxidant stress, initially in situ, 
via the formation of peroxyl radicals of arachidonic acid 
in the phospholipid-’ (Fig 1). Subsequent cleavage and 
release into plasma appear to result from the action of a 



iiCH' mode'aic heavy 


Fig 6 . The effect of aspirin (pre, open columns; post, solid 
columns) in nonsmokers (n= 6 ), moderate smokers (n=5), and 
heavy smokers (n=4) on urinary S-epi-PGFj,, and 11-dehydro- 
TxBj. A, Aspirin failed to suppress urinary 8 -epJ-PGF 2 „ excretion 
in any group. B, Urinary U-dehydro-TxBs leveis were signifi¬ 
cantly depressed by aspirin in all groups (“P<.005), 

phospholipase A,. One of the more abundant F 2 isopros¬ 
tanes, 8 -ep(-PQF 2 „, exhibits biological activity. It is a 
vasoconstrictor in the renal and pulmonary vasculature 
and a mitogen in vascular smooth muscle Cells.'^awii 
Although these effects are blocked by antagonists of the 
thromboxane receptor, S-epr-POF^n differs from throm¬ 
boxane analogues in its effects on platelets, in which it 
induces a shape change response but not irreversible 
aggregation.^''^^ 

Given its potential as both an endogenous ligand for 
the thromboxane receptor and a marker of oxidant stress 
in vivo, we developed a specific and sensitive assay for 


Effect of Vitamin E, Vitamin C, and a Combination of 
the Two on Urinary 8-ep(-PGF2„ Excretion 



Urinary 8-ep/-PGFa«, 
pmo!/mmot creatinine 


Treatment 

Before 

Treatment 

After 

Treatment 

P 

Vitamin E, low dose 

106.3:!: 14,4 

100.2 + 12.1 

NS 

Vitamin E, high dose 

172.1+29.8 

163.0+27.9 

NS 

Vitamin C 

194.6i40.9 

137.3±34.2 

<•05 

Vitamin E+C 

171.0+39.8 

133.4+29.6 

<.05 


Neither vitamin E in )ow dose (n=5 moderate smokers) nor in high dose 
heavy smokers) reduced urinary S-epi'-PQFa,,, but both vitamin C 
(n=6 heavy smokers) and the combination of vitamins {n=4 heavy 
smokers) signrfrcaotly suppressed urinary S-epz-PGF^, levefs (P<.05). 
Values are meaniSEM, 
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Fig 7. The percent change in serum S-ep'-PGFz,, (Open col¬ 
umns) and TxBs (solid columns) in heavy smokers (n=4) treated 
with aspirin (75 mg/d for 10 days). Suppression of both com¬ 
pounds by aspirin was significant (P<.01}. 

8 -ep/-PGF,<,.“'’ Previously, biosynthesis of Fj isopros- 
tanes has been estimated with an internal standard for 
the COX product of arachidonic acid, PGFj,,.!'’ Using 
this latter approach, Morrow and colleagues'*' recently 
reported increased formation of these compounds in 
cigarette smokers. We performed a series of studies that 
extend these observations and support the utility of the 
specific measurement of S-ept-PGFz^ as an index of free 
radical generation in vivo. 

First, urinary 8 -cp/-PGF 2 „ is elevated in apparently 
healthy cigarette smokers compared with age- and sex- 
matched control subjects. Furthermore, this distinction 
was apparent whether the comparison was based on 
“spot" urine collections or on aliquots of varied duration 
(12 or 24 hours). Together with the availability of a 
GC/MS-validated immunoassay for this compound,n 
this observation greatly enhances the potential utility of 
this approach to the study of oxidant stress in vivo. 

Second, there was a relationship between the number 
of cigarettes smoked and S-epi-PGFja excretion. Thus, 
urinary 8 -epi-PGF 2 „ was higher in individuals smoking 
more than 30 cigarette.s per day than in those smoking 15 
to 30 cigarettes per day. Urinary cotinine was also higher 
in the heavy smokers and tended to correlate with 
urinary S-epi-PGFz,,. However, this particular relation¬ 
ship did not attain conventional statistical significance 
(r-=.46; ^=.09). This is unsurprising, because the effects 
of nicotine, of which cotinine is a urinary metabolite,^'' 
on S-epf-PGFz. may be quite distinct from those of 
cigarette smoking. Indeed, the precise constituents of 
cigarette smoke that contribute to S-epi-PGFz,, excretion 
in smokers are unclear. Cigarette tar contains stable 
semiquinone free radicals, which, in aqueous solutions 
such as pulmonary fluid and plasma, are capable of 
reducing oxygen to superoxide, with subsequent dtsmu- 
tation to hydrogen peroxide.’^-^'’ Metal ions in cigarette 
tar and body fluids can catalyze the formation of the 
hydroxyl radical from hydrogen peroxide via the Fenton 
reaction. Furthermore, the gas phase of cigarette smoke 
contains highly unstable organic radicals that are main¬ 


tained in smoke for prolonged periods (>10 minutes). 
Nitric oxide and isoprene play a central role in this self- 
sustaining process by producing alkoxyl and peroxyl 
radicals.-’'’-''^ These, in turn, may react with superoxide in 
aqueous solutions to form peroxynitrite. 

Finally, the degree to which free radicals might gen¬ 
erate isoprostanes directly or via activation of mono¬ 
cytes, macrophages, and platelets, which, in turn, them¬ 
selves generate free radicals, remains to be established. 
Thus, although both urinary cotinine and 8 -ep;-PGF 2 „ 
fell when the heavy smokers were switched to nicotine 
patches, this is consistent with both indexes reflecting 
consequences of cigarette smoking, rather than neces¬ 
sarily implying a causal relationship between them. 
Interestingly, on smoking cessation, urinary 8 -epi-PGF 3 „ 
failed to decline to levels observed in nonsmokers. This 
implies that abstention from smoking for 3 weeks re¬ 
duces but does not abolish the oxidant stress associated 
with chronic, heavy cigarette smoking. Alternatively, it is 
possible that the ex-smokers were exposed to significant 
passive smoking in their homes or social environment. 
Indeed, a number of smokers did come from smoking 
households. However, the effect of such environmental 
influences on baseline 8 -ep(-PGF,„ excretion was not 
assessed formally. 

S-epi-PGF-a differs from other Fz isoprostanes in that 
biological activity has been ascribed to it, as mentioned 
previously. It is unclear whether it might act as an 
incidental ligand at the thromboxane receptor,activate 
a related but distinct receptor,"' or exhibit no autacoidal 
activity in vivo, 8 -epj-PGF,„ does not activate the recom¬ 
binant PGFz, receptor in in vitro expression systems (A. 
Ford-Hutchinson, PhD, personal communication, 1994). 
Intuitively, it would be surprising if a product of lipid 
oxidation might have its own receptor. However, we 
have observed recently that 8 -ep(-PGFi„, as distinct from 
other Fz isoprostanes, can be formed in small amounts 
by the COX-1 enzyme in activated human platelets^" 
(Fig 1). Thus, it is important to determine the extent to 
which an increment in urinary 8 -cp;-PGF 2 „ in cigarette 
smokers reflects free radical-catalyzed or COX-depen- 
dent formation of the compound in vivo. This is partic¬ 
ularly true in the case of cigarette smoking, in which we 
have previously described elevated excretion of throm¬ 
boxane metabolites, reflective of both platelet activation 
and increased COX turnover.^' 

Inhibition of platelet COX-1 by aspirin consump- 
tion*"-''" completely suppressed serum TxB, in the smok¬ 
ers ex vivo. Serum concentrations of 8 -e/?/-PGF 2 „, which 
are considerably lower than those of TxB; (733 ±220 
pmol/L versus 513±70 nmol/L), are also suppressed by 
aspirin consumption by the smokers, but to a lesser 
extent than was the case with TxB, (mean, 82% versus 
mean, 98%). Serum 8 -e/H’-PGF 2 „ levels were similar in 
moderate and heavy smokers at baseline (data not 
shown). This is not surprising, since there is precedence 
for equivalent serum levels despite significant differ¬ 
ences in urinary production of TxBz in nonsmokers, 
moderate smokers, and heavy smokers.^' Thus, it ap¬ 
pears that both a COX-dependent and a COX-indepen- 
dent component of S-epi-PGFj,, generation are present 
in human serum. However, measurement of 8 -e/>i-PGF 2 „ 
in serum samples heated to 37“C for 1 hourT’ is probably 
reflective of the capacity for product formation in serum 
rather than actual biosynthesis. Thus, serum concentra- 
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tions of TxB; exceed estimated endogenous plasma 
concentrations by roughly 20 O 0 -fold.‘‘' ' 

Measurement of urinary 1 l-dehydrQ-TxB 2 is a validated 
index of thromboxane synthesis in vivo.^^’'*^ We confirmed 
our previous observations^' of a dose-related increase in 
excretion of ll-dehydro-TxBj in apparently healthy ciga¬ 
rette smokers in the present study. liowever, while aspirin 
administration suppressed urinary ll-dehydro-TxB?. excre¬ 
tio n of 8 -e pi-PG F 2 „ was unaltered-CTlieSe results suggest^_^^ 
jthat although th^COX-Klependent pathway may be a ^ 
^significant contributor to serum 8 -e/v-PGF 2 j, production ^ 
["vivo, it remains a trh/ial component of overall 8 -^pi-PGE^ 
"-biosynthesis, as refleefS byTIfinary productionrTliis holds 
true'even in-the setting of moderate COX activation, such 
as occurs in heavy cigarette smokers. Whether this holds 
true in settings of more marked platelet or neutrophil 
activation remains to be addressed. Similarly, although 
studies of the disposition of 8 -epi-PGF 2 „ are under way, it is 
probable that, like that of urinary prostaglandin metabo^ 
iites, its utility will be as a noninvasive time-integrated 
index of total body biosynthesis of this isoprostane. The 
relative tissue contribution to urinary levels would be 
expected to vary as a function of the disease under studyd^ 

The availability of a quantitative index of oxidant 
stress in vivo would permit investigation of the dose- 
response relationship of antioxidant drugs in vivo and 
their rational evaluation in relevant models of disease. 

For example, vitamins E and C exhibit antioxidant 
properties at concentrations used in vitro,but little 
information is available as to the antioxidant properties 
in vivo of minimal daily allowances, of doses used in 
pharmacological supplementation studies, or of the wide 
range of intakes Incidental to consumption of unre¬ 
stricted diets. It is perhaps unsurprising that attempts to 
define benefit derived in vivo from these and other 
antioxidant strategies have been frustrating, whether 
they involved interventional studies"’^'’’ or population- 
based approaches."’''-^" 

We used the chronic cigarette smokers to evaluate the 
consequences of short-term administration of two anti¬ 
oxidant vitamins on urinary 8 -qpf-PGF 2 „. In contrast to 
the effects of aspirin, administration of vitamin C, 2 g/d 
for 5 days, resulted in a significant decline of S-e/p/'-PGFj,, 
by an average 29%. A similar significant depression of 
8 -epi-PGF,„ excretion (mean, 23'%') was observed when 
the smokers were treated with vitamin E 800 U/d in 
combination with vitamin C. Interestingly, vitamin E 
alone, at either 100 U/d (in moderate smokers) or 800 
U/d (in heavy smokers), failed to suppress S-ept-PGFj^ 
excretion significantly. The apparent efficacy of vitamin 
C is not surprising, given the depleted levels of this 
vitamin that have been demonstrated in chronic smok- 
ers.s' Furthermore, vitamin C has been shown to be 
superior to vitamin E in protecting plasma lipids and 
LDL from oxidative stress.-*’-^^ This appears to be par¬ 
ticularly important in plasma exposed to the gas phase of 
cigarette smoke, since lipid peroxidation is initiated only 
after vitamin C has been consumed.-’s Despite the inabil¬ 
ity of the hydrophobic vitamin C to suppress oxidation in 
lipophilic membranes, it recycles vitamin E within the 
lipid membrane, prolonging its antioxidant effect.” 
Thus, the relative deficiency of vitamin C in cigarette 
smokers may limit the antioxidant efficacy of vitamin E 
administered alone. Indeed, an increased rate of HDL 
oxidation has been reported in cigarette smokers who 
received supplemental vitamin E compared with re¬ 


duced HDL oxidation in smokers administered a com¬ 
bination of vitamin E and vitamin C.^-* These observa¬ 
tions illustrate the potential utility of 8 -ep/-PGF 2 „ in 
antioxidant dose-finding and have prompted the initia¬ 
tion of a more detailed investigation of the interaction of 
dose and duration of therapy with antioxidant vitamins 
on 8 -ep/-PGF 2 „ excretion. 

Our results are consistent with the observations of two 
other groups. Those investigators used a measurement 
of either Fj isoprostanes or 8-oxo-7,8-dihydro-2-deox- 
yguanosine, the latter thought to reflect repair of DNA 
and its precursors after free radical attack.'"-” Collec¬ 
tively, these re.sults suggest that coincident with but 
distinct from platelet activation, apparently healthy in¬ 
dividuals who smoke cigarettes exhibit abnormal levels 
of oxidant stress in vivo. The present study is also consis¬ 
tent with our finding of elevated urinary S-epi-PGF^„ in 
other conditions putatively associated with oxidant stress, 
including reperfusion injury, adult respiratory distress syn¬ 
drome, and poisoning with acetaminophen and paraquat.^'’’ 
Elevated S-epf-PGF,. in chronic smokers may be reduced 
by quitting smoking and .switching to nicotine patches or by 
antioxidant vitamin therapy. 
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